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Introduction
A restful sleeping pattern is believed to be necessary for
regulation of energy expenditure and recovery from
daytime exercise [1], and the sleep pattern of the elderly
is receiving increasing attention. While insomnia is
considered the most common sleep-related complaint in
the elderly [2,3], the sleep pattern of elderly nursing-
home residents is reported to be characterized by fre-
quent awakenings, night wandering, wakefulness and
confusion [4,5], often associated with injury [3]. Al-
though sleep duration in the elderly is comparable to
that in younger subjects, the quality of sleep in elderly
nursing-home residents is reportedly much worse [4].
One factor that may contribute to this poor sleep hy-
giene is a lack of daytime activity [6]; studies on the
relationship between day- and night-time activity in the
elderly are scanty.
Research Report
Resting energy expenditure (REE) reflects an indi-
vidual’s basal daily caloric requirement. REE can be used
to monitor nutritional status [7], and indicates each
individual’s potential for energy expenditure in relation
to physical activity [8]. A better understanding of the
relationship between REE and activity patterns during
daytime and sleep in the elderly would be germane to
physiotherapists providing health promotion interven-
tions in this population. The aim of this study was to
determine the likely size and effect of daytime and
nocturnal activity levels on REE in an elderly cohort of
subjects.
Methods
Ethics approval was granted by the university prior to
data collection. Subjects aged 65 years and over, with
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normal health and no known chronic pulmonary, cardiac,
renal or musculoskeletal disease or restriction in normal
daily activities, who were friends or relatives of the
investigators were invited by the “snowball method” to
participate in the study. The nature of the study was
explained to all subjects and written, informed consent
was obtained before data collection. Subjects were given
a small accelerometer (Biotrainer Pro, Physical Activity
Monitor, Baltimore, MD, USA) sensitive to movements
of 0.1 g (gravity, 25 feet/sec) to wear around their waist
for 3 consecutive days, 24 hours a day except during
bathing, and the data were displayed in either “activity
counts” or as calculated “calorie counts”. Subjects were
also asked to keep a daily diary of the time they bathed,
retired at night and arose each morning. Subjects were
contacted each evening to confirm proper compliance
with the study protocol.
On the morning of the fourth day, subjects were
invited to attend the university laboratory to measure
their REE. All subjects were asked to fast after the
evening meal the night before and delay their breakfast
until after measurement of REE.
On arrival at the laboratory and prior to measure-
ment of REE, all subjects rested in a sitting position for at
least 15 minutes until their resting heart rate varied by
less than 5%. REE was measured using the Vmax 229
(Sensor Medics Corporation, Yorba Linda, CA, USA).
Subjects’ personal data such as age, gender, height and
weight were recorded. Gas calibration was performed
prior to REE measurement for each subject. Subjects
were required to lie supine, remain awake and breathe
normally for 10 minutes. A transparent plastic, non-
restrictive hood was placed over each subject’s head and
the Vmax 229 then analysed and recorded the gas
composition of each breath.
Statistical analysis
Activity counts
Data recorded by the Biotrainer were exported to a
spreadsheet. Each activity count file was examined and
matched to the subject’s diary, identifying the duration
of day- and sleep-time activity. The total calorie count
for the 3 day and night periods was then averaged. The
calorie counts of all subjects were ranked in ascending
order. Subjects in the top half of this ranking list were
classified as subjects with low activity and subjects in the
lower half of the list were classified as those with high
activity levels.
REE data
REE (kcal/day) for each subject was exported to a spread-
sheet. The relationship between REE and mean calorie
count during the asleep and awake periods was exam-
ined using bivariate Pearson correlation. Variables be-
tween male and female subjects were compared using an
independent t test. Statistical analysis used SPSS version
11 (SPSS Inc, Chicago, IL, USA). The significance level
was set at a p of 0.05 or less.
Results
Fifteen subjects (5 males and 10 females) completed
the pilot study (Table). The REE and body mass index
(BMI) of female subjects were significantly lower than
those in male subjects (p < 0.05). Female subjects also
appeared to be more active than males, both during the
day and night, but this difference did not reach signi-
ficance. A large standard deviation was observed for
both day- and night-time activity levels in our subject
cohort. The mean REE ( standard deviation of the
groups with low and high activity levels was 1,112.6 (
204.7 and 1,231.6 ( 239.8, respectively, indicating that
to acquire a study power of 0.8, a sample size of at least
48 subjects in each group is required to reach signifi-
cance (PASS version 6, NCSS, Kaysville, Utah, USA).
This study also showed that female subjects with a
higher nocturnal activity level had a higher REE level
(r = 0.663, p = 0.037, n = 10). In male subjects, this associ-
ation was not apparent (r = 0.03, p = 0.958, n = 5). With
Table. Demographic data of subjects
Male (n = 5) Female (n = 10) p
Age (yr) 72.8 ( 4.81 72.1 ( 4.99 0.8
Body mass index (kg/m2)* 27.52 ( 3.27 23.1 ( 3.29 0.029
Resting energy expenditure (kcal/d)* 1,343.0 ( 200.0 1,059.5 ( 165.3 0.012
Averaged night activity count (kcal) 26.17 ( 19.76 41.7 ( 22.6 0.214
Averaged day activity count (kcal) 484.96 ( 127.2 627.39 ( 260.5 0.274
Averaged night duration (hr) 8.38 ( 1.05 7.99 ( 0.95 0.483
Averaged day duration (hr) 15.62 ( 1.05 16.0 ( 0.96 0.485
*p < 0.05 between male and female subjects (independent t test). Data displayed as mean ( standard deviation.
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the sample size in this pilot study, we were unable to
demonstrate a relationship between day- and night-
time activity levels (r = –0.026, p = 0.967 for males; and
r = –0.282, p = 0.43 for females).
Discussion
The relationship between activity levels and REE was
analysed separately for male and female subjects be-
cause of the expected gender difference in BMI and REE.
The total bed time recorded in our subjects was 8.4 hours
in males and 8 hours in females, about 12% longer than
that reported by Shirota et al (7.5 hours for males and
7.2 hours for females) [6]. They found that male subjects
were less active than female subjects in daytime acti-
vities. Our study found that male subjects were less ac-
tive during both daytime and nocturnal activities, but
the large standard deviation suggested that the sam-
ple size should be increased fivefold for a proper com-
parison.
Our female subjects with high nocturnal activity had
a high REE, suggesting a high basal oxygen consumption
at rest. Teenage girls with a high BMI are more active at
night [1]; girls who were more active in the day time had
lower BMI, so the authors suggested that girls with more
activity during the daytime required longer sleep dura-
tion to recover from their daytime activity. This suggests
that sleep duration or restful sleep could be an effective
regulator of energy expenditure. Based on this hypoth-
esis, the high REE in our female subjects could indicate
inefficient energy expenditure resulting from disturbed
sleep. Obesity could have an impact on sleep quality [9],
but BMI was not associated with any variables in this
study in either male or female subjects. This could be
because our subjects were not obese and the BMI in
either gender was within a narrow range.
Physical activity comprises 10–50% of daily energy
expenditure in older adults [10] and exercise training
can raise the REE by as much as 7% in the elderly [11].
This pilot study did not demonstrate a relationship
between REE and daytime activity, although subjects
with higher REE levels tended to have a higher daytime
activity level.
Shirota et al reported a positive correlation between
daytime activity and sleep efficiency in male subjects [6]
and suggested that sleep quality was enhanced by day-
time physical activity. Our data appeared to support this
hypothesis by demonstrating an apparent negative asso-
ciation between day- and night-time activity levels in
male subjects. Shirota et al used wrist actigraphy to
measure activity levels. Arm movement may result in
larger g-forces, making their system unduly sensitive,
thereby contributing to the observed difference between
day- and night-time activity levels. On the other hand,
the attachment of the accelerometer to the waist results
in total body movement being recorded, but is insensi-
tive to minor upper-limb movement. Both methods of
attachment are equally reported in the literature, and
whether arm or trunk movement more appropriately
reflects nocturnal activity indicative of a disturbed sleep
pattern requires further investigation.
Limitations of the study
The primary aims of this pilot study were to determine
data collection difficulties, data trends and sample size.
Greater detail about the sleep pattern will enhance
analysis of the relationship between activity levels and
sleep quality. A nocturnal video recording system would
permit objective evaluation of nocturnal movement,
corroborating the accelerometer-derived data. The
practicality of such detailed analysis needs to be weighed
against instituting a more detailed diary which, al-
though subjective, would be more cost-effective. Indirect
factors impacting on sleep quality, such as noise and
stress, should also be taken into account during the daily
follow-up telephone interview.
Results of this pilot study suggested that 48 subjects
in each group would be required to achieve a study
power of 0.8. This largely explains why the present
sample size of 15 subjects failed to demonstrate a rela-
tionship between most variables.
Conclusion
This study demonstrated that a high nocturnal activity
level was associated with a high REE in a female elderly
cohort, suggesting that disturbed sleep may be associated
with higher oxygen consumption at rest. However, a
large standard deviation was observed in diurnal and
nocturnal activity data. This study suggests that the hy-
pothesis “appropriate daytime exercise levels produce
low nocturnal activity, and therefore better-quality sleep
in the elderly” warrants further investigation.
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